An extracellular exo-maltohexaohydrolase [EC 3.2.1.98], which had been obtained up to now only as a cell-bound enzyme, was obtained in the culture liquor of an Aerobacter aerogenes (Klebsiella pneumoniae) mutant.
INTRODUCTION
Exo-maltohexaohydrolase [EC 3.2.1.98] was discovered in 1971, by Kainuma et al. [1] [2] [3] as a cell-bound enzyme from Aerobacter aerogenes (Klebsiella pneumoniae), and was shown to be the fourth exo-type amylase. In those papers,1-3' we reported our studies of the purification , characterization and action pattern of the cellbound enzyme on various substrates. However, the production of the extracellular enzyme has not been reported.
Recently, we found an ultraviolet-induced mutant of A, aerogenes (K. pneumoniae) is able to produce the exo-maltohexaohydrolase extracellularly. This paper summarizes our studies on the optimum culture conditions of this mutant and the effects of various additives on the enzyme production.
MATERIALS AND METHODS

Materials.
Glucose, fructose, xylose, and sucrose were purchased from Wako Chemical Industries, Japan. Two kinds of soluble starch were purchased from Merck Co., Germany and Kanto Chemical Co., Japan.
Pullulan and short-chain amylose (3= 23) were kindly supplied by Hayashibara Biochemical Research Labs., Okayama, Japan.
Various acid hydro lyzates of starch of DE 10-25 were supplied by the courtesy of Nihon Shokuhin Kako Co., Japan. Glycogen was purchased from Nakarai Chemical Co., tetracycline hydrochloride from Sigma Chemical Co., and potassium cyanide from Nippon Rikagaku Co. Reduced short-chain amylose was prepared by the reaction of shortchain amylose with sodium borohydride at 100°C 
chromatography (HPLC;
Nihon Bunko Co., Japan). HPLC was carried out as described in the previous paper.a'
RESULTS
AND DISCUSSION
1) Time course of the extracellular enzyme production by the mutant and parent strain of A. aerogenes on soluble starch The time courses of the extracellular exomaltohexaohydrolase, pullulanase and a-amylase production were investigated using the basal medium containing 1.00% soluble starch. The production of these enzymes was carried out in 2-l medium for a period of 120 hr. Figure 1 (a) shows the extracellular enzyme production by the mutant of A, aerogenes. The pH value of the growth medium remained more or less steady at around 8.0. Pullulanase production reached a maximum at about 24 hr and then decreased linearly. The extracellular exo-maltohexaohydrolase production continued to increase gradually during the period studied. The UV-induced mutant did not produce any detectable amount of a-amylase. During the exponential and stationary phases of growth, the cells were harvested by centrifugation and treated with the ultrasonic wave or 0.1% aqueous SDS solution to detect any intracellular or cell-bound enzyme production. However, no exo-maltohexaohydrolase production was observed either intracellularly or on the cell wall (a) Extracellular exo-maltohexaohydrolase production, (b) pullulanase production. Medium, Basal medium+1.00% carbon source. As shown in Fig. 1(b) , the parent strain of A, aerogenes did not produce any detectable amount of extracellular exo-maltohexaohydrolase and a-amylase under the same conditions. Only extracellular pullulanase production was observed in this organism. From these results, it was concluded that the extracellular exo-malto hexaohydrolase production was caused by the ultraviolet mutation of the parent strain.
2) Effect of various carbohydrates on enzyme firoduction
Effect o f carbon source. The effect of various carbon sources on enzyme production was examined. As shown in Table 1 , various dextrins and soluble starch were effective in producing exo-maltohexaohydrolase.
The solu ble starch purchased from Merck Co, was more effective than that of Kanto Kagaku Co. while monosaccharides, sucrose, j3-cyclodextrin and glycogen were ineffective on the enzyme production. The DE 12 starch hydrolyzate was the most effective carbon source. For the pullulanase production, glycogen was the best carbon source.
There was no correlation between production of these enzymes and final pH of the medium.
Effect of concentration of soluble starch. Figure 2 shows the effect of soluble starch (Merck Co.) concentration in the medium on enzyme production. The cultivation was carried out for 72 hr at 30°C on a rotary shaker of 200 rpm. As shown in Fig. 2 , the optimum concentrations of soluble starch for the exomaltohexaohydrolase and pullulanase production were found to be 1% and 0.4%, respectively.
Time course of enzyme production on differ ent carbon sources. The time courses of the exo-maltohexaohydrolase and pullulanase pro duction were studied using various carbon sources. As shown in Fig. 3(a) , the medium containing DE 12 starch hydrolyzate as the carbon source was the best for the exo-malto hexaohydrolase production. Figure 3(b) shows the pattern of pullulanase production on different carbon sources. It was observed that the pullulanase production decreased in the order DE 12> DE 20> DE 25> maltose> soluble starch (Merck Co.) >glucose, when these carbohydrates were used as the carbon sources.
From these results, it could be concluded that these extracellular enzymes are induced by these starch hydrolyzates and soluble starch.
Oligosaccharide composition of various dextrins. In order to determine the oligo saccharide composition of the effective carbon sources, high-performance liquid chromatogra phy was employed.8) Table 2 shows the oligo saccharide composition of various acid hydro lyzates of corn starch used as carbon sources. The DE 12 dextrin contained about 30% of oligosaccharides of DP 1-11 and contained more than 70% of higher polysaccharides.
3) Effect of nitrogen sources on enzyme pro duction
The effect of nitrogen sources such as milk casein, potato protein, oat meal, wheat bran, casamino acid, malt-extract, bonito-extract, corn steep liquor, ammonium sulfate, urea, monosodium glutamate, ammonium acetate, sodium nitrate and polypeptone was studied. Among these various nitrogen sources, ammonium acetate was the best for the production of the exo-maltohexaohydrolase.
The effect of concen tration of ammonium acetate in the medium is shown in Fig. 4 . The maximum production of the exo-maltohexaohydrolase was observed at 0.5% ammonium acetate. Extracellular pullulanase production by the incorporation of ammonium acetate as a nitrogen source was reported by Ohba and Ueda.9) However, in our experiments, the extracellular pullulanase pro duction was suppressed by the addition of ammonium acetate to the medium and the suppression was proportional to the quantity of ammonium acetate added. The maximum production of the extracellular pullulanase was observed in the total absence of ammonium acetate in the medium (Fig. 4) . Medium, Basal medium+1.00% soluble starch (Merck Co.).
4) Effect of metal ions on enzyme production
The effect of various metal ions on the enzyme production was examined. The results obtained are given in Table 3 . Mg2) and Lip increased the production of the extracellular exo-maltohexaohydrolase.
Bat*, Mn2), and Fee increased the production of pullulanase, while the same ions repressed the production of the exo-maltohexaohydrolase.
Other metal ions such as Cat, Cot, and Zn2+ did not affect the production of both enzymes. The optimum concentration of Mg2+ for the production of the extracellular exo-maltohexaohydrolase was in the range of 1-2 x 10-3M as Mgt2+.
5) Effect of initial pH on enzyme production
The initial pH of the medium was adjusted to various values by the addition of 0.1 N HCl or NaOH solution. Better cell growth was found in the range between pH 6.5 and 10.0. The exo-maltohexaohydrolase was produced in good yield between pH 6.5 and 7.5. The optimum initial pH for the production of the enzyme was 7.0 as shown in Fig. 5 . If the initial pH was above 6. 5, the final pH of the culture broth always reached a value of around 9.0. When the initial pH was below 6. 0, the cell growth and the enzyme production were poor. The production of pullulanase reached a maximum at pH 8.5. This result is different from that reported by Ohba and Ueda10) who reported Medium, Basal medium +0.50% CH3COONH4 +0.025% MgSO4.7H2O+1.00% soluble starch (Merck Co.). the best production of pullulanase at pH 8.0.
6) Effect of cultivation temperature on enzyme production
For determining the optimum temperature for the production of exo-maltohexaohydrolase, the flasks containing the culture medium were incubated in a temperature-controlled rotary shaker at different temperatures for 72 hr. As shown in Fig. 6 
7) Effect of some inhibitors on enzyme pro duction
Effect of some inhibitors on the extracellular exo-maltohexaohydrolase production was inves tigated.
The UV-induced mutant was grown Production of Extracellular Exo-maltohexaohydrolase Fig. 7 . Effect of some inhibitors on enzyme production.
(a) Growth curve, (b) production of the extracellular exo-maltohexaohydrolase. in the culture medium with the addition of either tetracycline or KCN to determine their effects on the enzyme production.
Effect of aeration was studied by stopping the shaking.
As shown in Figs. 7 (a) and 7 (b), the inhibitors were added after 2-days cultivation. In another set of the flasks, the shaking was discontinued after 2 days. The maximum cell growth in the control flask was reached in 2 days and thereafter gradually decreased due to autolysis of the cells. The autolysis was accelerated by the addition of tetracycline (Fig. 7(a) ). It was seen that the formation of the exo-malto hexaohydrolase was inhibited by the addition of KCN and by the discontinuance of shaking. On the other hand, tetracycline increased the enzyme production ( Fig. 7(b) ).
Tetracycline was added to the culture medium at various stages of cultivation to determine its effects on the cell growth and enzyme produc tion. The results are given in Figs. 8(a) and  8(b) .
The cell growth was lower when tetra cycline was added at 17 hr and 1 day of culti vation than that of the control. However, addition of tetracycline on the 2nd or 3rd day of the cultivation did not show any significant effect on the growth of the cells (Fig. 8(a) ). The enzyme production was slightly inhibited by the addition of tetracycline at 17-hr cultiva tion. On the contrary, tetracycline increased the enzyme production when it was added on the 1st to 3rd day of the cultivation. It was observed that the addition of tetracycline was most effective when it was added between the 1st and 2nd day of the cultivation ( Fig. 8(b) ). The start of the increased enzyme production coincided with the start of autolysis. However, no active intracellular or cell-bound exo-malto hexaohydrolase was detected during this period. From these results, it could be presumed that there is a significant change in the regulatory mechanism of the enzyme production brought about by the addition of tetracycline between the 1st and 2nd day of the cultivation.
8) Enzyme production under optimum culture conditions
Optimum culture conditions were determined as shown in Table 4 . Under these conditions, the production of the extracellular exo-malto hexaohydrolase and pullulanase were 100 IU and 500 IU per liter broth, respectively. The production of the extracellular exo-maltohexao hydrolase was about 10 times as high as that of the cell-bound enzyme produced by the parent strain. Also, by the addition of tetracycline to the medium under optimum culture conditions, it was possible to obtain about a 3-fold increase in production of the enzyme compared to that obtained in the absence of tetracycline.
